Extended Data Figure Legends

Extended Data Fig. 1 Cryo-EM workflow of VPS4BE235Q hexamer by C-terminal Hcp1 fusion construct. a, Raw image of VPS4BE235Q Hcp1 fusion construct. b, 2D averages of VPS4BE235Q Hcp1 fusion protein, side views of particles are indicated with red boxes. Side view particles are used for the next round of 2D classification. c, Second round of 2D classification with the side view of particles. d, Ab initio models of the selected particles after 2D classification, the dominant model is well-shaped and indicated with red box. e, Heterogeneous refinement using the ab initio models, the refined model particles reach above 90% in the last round of heterogeneous refinement. The particles used for final reconstruction are indicated with red box. f, Homogenous refinement of the model output from last round heterogeneous refinement. g, Mask on Hcp1 part, and subtract the Hcp1 density from the original particles. h, 2D averages of VPS4BE235Q hexamer after particle subtraction. i, Ab initio models of the selected particles after 2D classification, the dominant model is well-shaped and indicated with red box. j, Heterogeneous refinement using the ab initio models, the particles used for final reconstruction indicated with red box. k, Non-uniform refinement of the model output from last round heterogeneous refinement, along with local resolution of the final map. The final map is shown with their FSC and angular distribution. l, Model building using the final map. Each subunit is well-fitted into density. m, Local resolution estimation of human VPS4BE235Q hexamer in transitional state.

Extended Data Fig. 2 VPS4 hexamer dimeric interfaces analyses and comparison. a, Dimeric interfaces of subunits B and C of human VPS4BE235Q hexamer. Interface I is mediated by the Large-A domain of subunit B and Large-A domain of subunit C; interface II is mediated by the Small-A domain of subunit B and Large-A domain of subunit C. b, Dimeric interfaces of subunits B and C of yeast Vps4 hexamer (PDB: 6AP1). Interface I is mediated by the Large-A domain of subunit B and Large-A domain of subunit C; interface II is mediated by the Small-A domain of subunit B and Large-A domain of subunit C. Residues participating in the interaction of dimeric interface are shown by stick model. The related hydrogen bonds involved in the binding are shown as dotted lines.

Extended Data Fig. 3 Characterization of the interaction between VPS4B and VTA1. SEC-based analyses of the interaction between VPS4B and VTA1. Fractions labeled in panel a were assayed by SDS-PAGE, showing the VPS4BE235Q/VTA1 complex is assembled by the presence of ATP.

Extended Data Fig. 4 Cryo-EM sample preparation, image acquisition, data processing of VPS4BE235Q hexamer without Hcp1. a, Size exclusion chromatography (SEC) profile of human VPS4BE235Q/VTA1 complex. The inset shows an SDS-PAGE gel of the peak as indicates. b, Raw image of cryo-EM micrograph of the VPS4BE235Q hexamer. c, 2D class averages of VPS4BE235Q hexamer. d, Cryo-EM workflow of VPS4BE235Q hexamer. The box size and pixel size of each round particle extraction are indicated. Ab initio models are initiated by CryoSPARC, and the cryo-EM density maps of iterative heterogeneous refinement are shown. The final maps are shown with their FSC and angular distribution. e-f, Local resolution estimation of VPS4B hexamer in processing state (e) and primed state (f), respectively.


Extended Data Fig. 5 Cryo-EM workflow of VPS4BE235Q hexamer in the absence of VTA1. a, Raw image of VPS4BE235Q hexamer. b, 2D averages of VPS4BE235Q hexamer. c, Ab initio models of the selected particles after 2D classification. d, Heterogeneous refinement using the ab initio models, the refined model particles reach above 90% in the last round of heterogeneous refinement. e, Non-uniform refinement of the model output from last round heterogeneous refinement. f, Mask on the hexamer seam position. g, Focused 3D classification based on the mask, resulting in two different states, one of which is hexamer with an open seam, the other is in MIT docking state filling the seam. h, Further 3D classification polishing of each particle subset. i-j, Reference based motion correction and final round of non-uniform refinement of particles, resulting in a final 3.11 Å map of processing state (i), and 3.76 Å map of primed state (j). Along with local resolution of the final map. The final map is shown with their FSC and angular distribution. k, Tilt view of primed state, clearly see two MIT domain fill the seam of hexamer.


Extended Data Fig. 6 Structural comparison of human VPS4BE235Q hexamer core. a-c, Top view and side view of VPS4B hexamer in transitional state (a), hexamer in primed state, subtracting MIT domain and MIT-AAA linker (b), and hexamer in processing state, subtracting N-terminal tag mimic substrate (c). d, Superposition of VPS4B primed hexamer with VPS4BE235Q-Hcp1 map, showing steric clash between MIT-I and the Hcp1 density. Only a certain conformation can accommodate MIT domain without hindrance, indicating the Hcp1 tag interferes hexamer assembly. e, Overlap VPS4B primed and processing states hexamer, the subunits A and F of primed state structure is closer to each other compared with processing state. f, Individual comparison of each subunit of primed state hexamer and transitional state hexamer. Subunits E and F of transitional state hexamer undergo a large conformational shift towards bottom face compared with primed hexamer.

Extended Data Fig. 7 ATP and Mg2+ density of each subunit. a, Close-up views of the ATP-Mg2+ density of each subunit in processing state. b, Close-up views of the ATP-Mg2+ density of each subunit in primed state.


Extended Data Fig. 8 Human VPS4B MIT-AAA linker mutations analysis. a, Close-up view of the interaction detail of Val87 residue of MIT-AAA linker, participating in the interaction of hydrophobic groove, formed by the side chain of Ala250, Leu209 residues of subunit E and the side chain of Ala251 residue of subunit D. Val87 residue mutated to Arg is to break the hydrophobic interaction, and repulse the Arg253 residue of subunit D. b, Combined surface and charged potential presentation and the ribbon-stick model showing the related interactions of MIT-AAA linker Val87 residue in primed state. c, Close-up view of the interaction detail of Lys88 residue of MIT-AAA linker, participating in the cation-π interaction between the side chain of Trp208 residue of subunit E and F. d, Combined surface and charged potential presentation and the ribbon-stick model showing the related interactions of Trp208 residue in primed state.


Extended Data Fig. 9 Structural based sequence alignment analysis. a, Sequence alignment of VPS4 from different species, the residues involving in catalytic function are indicated by red star, the residues involving in MIT docking interface are indicated by black star, the residues located on the dimeric interfaces are indicated by green star, the residues participated in the central pore formation are indicated by yellow star. The MIT domain is indicated by black dotted box, and β domain is indicated by pink dotted box. b, Close-up view showing the detailed interactions between MIT docking interfaces in human VPS4B hexamer structure (Identical to Fig. 4b-d). c, Close-up view of superposed model showing the detailed interactions between MIT docking interfaces in yeast Vps4 hexamer structure (PDB: 5XMI, 2V6X).

Extended Data Fig. 10 Knockdown efficiency of VPS4A/B. Western blot was performed to assess the knockdown efficiency of VPS4A and VPS4B in HeLa cells (a) or Lenti-X 293 (b).



